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In Australia, the construction and demolition industry contribute up to half the majority of the total 
waste generated. Western Australia is not only one of the largest construction and demolition (C&D) 
waste producer, but also one of the worst in term of recycling rate. One of the main barriers for a 
proper waste management plan is the lack of data quality for waste measurement. This unique study 
aims to compare three measurement methods from research paper with two unique sets of data. 
From literature reviews, the different techniques were never applied in the same case. This project 
also compares the different scenario to show the economic potential of source separation and 
sending the waste to a recovery centre. A comparison was made with Reunion Island where similar 
problems related to C&D are present. Different solutions are proposed to solve those problems and 
to reach a Circular Economy system. It will analyse the data to perform the calculation were collected 
from the demolition of a high school in Hamilton Hill and Councils for the third method. The direct 
measurement using a map to calculate the mass of waste produced by the walls made of asphalts 
have a percentage of error at only 0.75%. The second method using the trucks and the density of the 
materials for the mass calculation had only a 4.16% percentage error. The third measurement aimed 
to calculate the mass of demolition over the years, according to demolition permit could not be 
performed due to the lack of data available. Direct measurement was found to be the calculation 
which has the highest potential to be accurate, but it will require much more time to collect all the 
measurements. The scenario for the economic comparison shown a source separation to send clean 
waste to resource recovery centre allowed a saving up to 80% from the price of a landfill. The 
creation of a coefficient of expansion seems to be a potential project to improve the quality for 







I wish to show my gratitude to Martin Anda, Academic of Environmental Engineering, for his 
supervision and all the help he sent to me when I was away from Australia. I also would like to 
recognize the invaluable assistance from Landcorp, which provided me with the last set of data for 
my thesis.  
I wish to thank Rachel Murray for including me for the site visit in Pinjarra and Australind. 
I pay my special regards to my family for supporting me and helping me when I had my visa issues 
and could not come back to Australia. Thank you to my father for introducing me William Bailiff and 
Paolo who helped to understand how construction and demolition waste are managed in Reunion 
Island. Thank you to my sister, who helped me when I faced difficults time and stay next to me when 
I had to work late.  
I am indebted to my partner Joyce Lee Kar Yee, who supported me throughout this whole journey 















DECLARATION ......................................................................................................................................... 2 
Abstract ................................................................................................................................................... 3 
Acknowledgements ................................................................................................................................. 4 
1. Introduction .................................................................................................................................. 11 
1.1. Background ............................................................................................................................ 11 
1.2. Aim and Objectives ................................................................................................................ 12 
1.3. Thesis structure ..................................................................................................................... 13 
1.4. Limitation............................................................................................................................... 14 
2. Literature review .......................................................................................................................... 14 
2.1. C&D around the world .......................................................................................................... 14 
2.2. C&D in Reunion Island and France ........................................................................................ 18 
2.3. C&D in Australia .................................................................................................................... 22 
2.4. C&D in Perth, Western Australia ........................................................................................... 24 
2.5. Environmental Laws in Western Australia ............................................................................ 24 
2.6. Circular economy vs Linear economy .................................................................................... 25 
2.7. Universal C&D measurement methods ................................................................................. 27 
2.7.1. Direct measurement ...................................................................................................... 27 
2.7.2. Waste indicators ............................................................................................................ 29 
2.7.3. Indirect measurement ................................................................................................... 30 
2.7.4. Area-based calculation .................................................................................................. 31 
3. Methodology ................................................................................................................................. 32 
3.1. Direct measurement .............................................................................................................. 32 
3.1.1. Material quantification .................................................................................................. 32 
3.1.2. Data analysis .................................................................................................................. 34 
3.1.3. Limitation ....................................................................................................................... 35 
3.2. Indirect measurement ........................................................................................................... 36 
3.2.1. Material quantification .................................................................................................. 36 
3.2.2. Data collection ............................................................................................................... 37 
3.2.3. Limitation ....................................................................................................................... 37 
3.3. Area Based measurement ..................................................................................................... 38 
3.3.1. Material quantification .................................................................................................. 38 
3.3.2. Data collection ............................................................................................................... 39 
3.3.3. Limitation ....................................................................................................................... 39 
3.4. Economy comparison ............................................................................................................ 39 
4. Results ........................................................................................................................................... 41 
6 
 
4.1. Direct Measurement ............................................................................................................. 41 
4.2. Indirect Measurement ........................................................................................................... 43 
4.3. Area Based Measurement ..................................................................................................... 45 
4.4. Economical comparison ........................................................................................................ 46 
5. Discussion and Interpretation ...................................................................................................... 47 
5.1. Direct Measurement ............................................................................................................. 47 
5.2. Indirect Measurement ........................................................................................................... 48 
5.3. Area Based Measurement ..................................................................................................... 50 
5.4. Economical Comparison ........................................................................................................ 50 
5.5. Comparison Between Reunion Island and Perth Model ....................................................... 51 
5.6. Limitation............................................................................................................................... 55 
5.6.1. Direct Measurement ..................................................................................................... 55 
5.6.2. Indirect measurement ................................................................................................... 56 
5.6.3. Area-based measurement ............................................................................................. 56 
6. Conclusion and recommendations ............................................................................................... 56 
7. Recommendation: ......................................................................................................................... 57 
8. References ..................................................................................................................................... 59 


















List of Figures 
 
Figure 1: Waste production in Germany from 2000 - 2015 ................................................................. 15 
Figure 2: Construction and Demolition practice management in Europe .......................................... 16 
Figure 3: Comparison of Linear and circular economy ........................................................................ 25 



























List of Tables 
 
Table 1: Conversion table from volume to weight .............................................................................. 35 
Table 2: Estimation of waste produced for each category of building ............................................... 39 
Table 3: Table of the volume of waste produced by each building’s walls ........................................ 41 
Table 4: Comparison of the wall’s total mass calculated and the total mass of concrete measured 42 
Table 5: Comparison of the wall’s total mass calculated and the total mass of material crushed ... 42 
Table 6: Results of calculation using the indirect measurement method .......................................... 43 
Table 7: Total mass of each materials recorded on-site...................................................................... 43 
Table 8: Comparison between calculated and measured mass with the indirect measurement ..... 44 
Table 9: Estimation of the amount of waste produced in the area of Kalamunda in the period of 
2018 ....................................................................................................................................................... 45 
Table 10: Total price to deposit all the waste at various location ...................................................... 46 
Table 11: Comparison between C&D management in Reunion Island and Perth .............................. 51 
Table 12: Coefficient of expansion in France ....................................................................................... 55 
Table 13Volume of Material Crushed on-site ...................................................................................... 64 
Table 14: Summary of all Recycled items collected on-site ................................................................ 64 
Table 15: Calculation of the volume of the Wall according to a map ................................................. 65 
Table 16: Corridor's Wall volume measurement ................................................................................. 65 
Table 17: Volumetric to mass calculation with indirect measurement .............................................. 65 
Table 18: Demolition permit in Kalamunda in 2018 ............................................................................ 66 
Table 19: Scenario 1: All the waste is going to landfill ........................................................................ 67 
Table 20:Scenario 2: Unsorted waste is going to Armadale Recycling Centre ................................... 67 
Table 21:Scenario 3: Well sorted waste is going to Armadale Recycling Centre ............................... 68 





List of Pictures 
Picture 1 : New concrete brick made of glass' micropowder .............................................................. 53 
Picture 2: Alternative visual of the concrete brick made of glass' micro-powder ............................. 54 






























C&D: Construction and Demolition 
CDW: Construction and Demolition waste 

















Between 2014 to 2015, Western Australia (WA) was one of the largest producers of waste, with 
approximately 2.4 tonnes of waste produced per person. During this period, WA was not only one of 
the largest waste producers per capita, but also had a recycling rate below the national average 
(Office of the Auditor 2016). From 2015 to 2016, 48% (2.5 million tonnes) of solid waste was recycled 
out of 5.2 million tonnes of solid waste generated. Improvement of Recycling Commercial and 
Industrial (C&I) waste increased from 28% in 2011 to 46% during the end of 2016 (Waste Authority 
2018). In the national report from Blue Environment, it showed that the material which generates 
most of the waste was the masonry, weighting 17.1 million tonnes (Mt) out of the 67 Mt produced in 
Australia. The type of materials included in masonry consisted mainly of asphalt, bricks, concrete, 
rubbles, plasterboard, and cement (Pickin et al. 2018). In WA, construction and demolition (C&D) 
waste contribute to 50% of the waste produced (Harris 2017) (Office of the Auditor General 2016). 
Due to the low participation of companies to measure the waste produced, this causes the data 
collection to vary and can be inaccurate. 
 There are two methods of weight measurements used: 
• Visual estimation: Estimation of the weight by looking at the pile of waste. This measurement 
has a high chance of being inaccurate. 
• Weighbridge: Weighbridge is a scale that looks like a bridge. The truck with the waste must 
drive through twice to obtain a reasonable estimation of the waste incoming. The 
measurements taken include the truck with the waste, as well as the truck without the 
waste. 
As the data of the volume and tonnage were not verified and audited, most of the results collected 
was modified to ensure the quantity of waste processed were within the laws (Auditor General 
2016). With unreliable data, the Department of Environmental Regulation (DER) could not verify the 
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data if the volume of waste reported is accurate. Another issue that arises from the lack of reliable 
data is that it will be impossible to know the source of the volume's decrease in a landfill. The two 
main issues are illegal dumping and stockpiling. These activities allow the company to avoid landfill’s 
levy. (Auditor General 2016). 
As the diversion target for Construction and Demolition Waste (CDW) is at 75%, the price for 
depositing C&D waste in landfill became more costly. The rise in cost increased from $22 per cubic 
meter to $55 per cubic meter (Office of the Auditor General 2016). The purpose is to re-route C&D 
waste to be recycled instead of sending them to landfill. The diversion of the waste in WA can be 
made in three different ways: 
1. Recycling: Recycling waste can be seen as a concept, such as the circular economy where the 
waste are given a second chance to be used instead of virgin materials; 
2. Stockpiling; 
3. Illegal dumping. 
The idea of stockpiling is a temporary storage place for the waste with immediate market value, 
waiting to be sorted out (Environmental Protection Agency 2019). Stockpiling is becoming a rising 
issue in WA, as there are no measurements taken. Furthermore, with the inert waste being 
untreated, it can become a potential hazard for the population with pollution of the water table or 
the creation of dust (Flint 2017). 
1.2. Aim and Objectives 
The thesis project aims to test the demolition waste measuring calculation for WA. This tool has two 
utilisations: 




2. Decrease the amount of demolition waste by incentivizing demolition companies to diverge 
their waste from landfill to recycling centre. 
There are four objectives which include: 
1. Understand how the C&D waste produced are being handled on-site; 
2. Utilizing the tools to determine the mass of each material; 
3. Comparison of the efficiency of each method; 
4. Comparison of the economic outcome of source separation.  
 
1.3. Thesis structure 
1. Introduction:  
This section presents the state of C&D waste around Australia. The aim and objectives of this 
thesis project will be presented as well. 
 
2. Literature Review:  
This section presents the summary of the readings which have been conducted throughout 
the years in relation to the topic of C&D waste and its calculation. The readings are the 
primary source of information to understand the methods of measurement, which will be 
selected for this thesis project. 
  
3. Methods:   
This section presents the chosen methods which will be described in the following sections of 
this thesis project. Each section will describe the main components of how the 




4. Results:  
This section aims to describe and interpret the significance of the findings, as well as 
how it achieves the aim and objectives.  
 
5. Discussion:  
The purpose of the discussion will be to describe and interpret the significance of the finding, 
and how they achieve the aim and objectives.  
 
6. Conclusion:  




Due to unforeseen circumstances, the calculation for this thesis project will be applied to only one 
set of data. Many assumptions for the calculations will have to be made, which will impact the 
accuracy of the final result. 
2. Literature review 
2.1. C&D around the world 
In Europe, there are management practices developed to reduce the amount of CDW sent to the 
landfill by recycling and reusing it for new construction. Countries such as Germany, Netherlands and 




Figure 1: Waste production in Germany from 2000 - 2015 
 
For example, in the UK, the implementation of policies and strategies for CDW with waste resources 
action program allowed the UK to increase its recycling rate to 90%. This leads to a case where 100% 
of the concretes and metals were diverted from the landfill, which represent over 200kg of carbon 












Figure 2: Construction and Demolition practice management in Europe 
 
The critical aspects of strategy planning is stakeholder involvement which includes the following: 
• Consultation, communication and participation of the users; 
• Participatory and inclusive planning; 
• Inclusive to all levels. 
The mix of regulation, economy, education, and informative instrument are vital to reduce waste 
volume. The value chain (Figure 2) above represents the management practice of efficient CDW 
management: 
• Pre-construction: CDW strategic management (stakeholder involvement and CDW planning), 
economical instrument (law encouraging recycling and the use of recycling materials), 
designing waste and site waste management plan (planning action, defining standard for 
waste management) (Gálvez-Martos et al. 2018). 
• During construction: Prevention of site waste and logistic strategies, the efficiency of 
materials used, re-use materials from previous construction (Gálvez-Martos et al. 2018). 
• Demolition: Mineral harvesting, waste sorting, and processing (Gálvez-Martos et al. 2018). 
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• From waste to product: Quality assurance scheme, acceptability of recycle aggregate, 
plasterboard recycling, and hazardous materials (Gálvez-Martos et al. 2018). 
 
In Germany, with an increase in population, the CDW activities have been rising from 2009 to 2015. 
Based on the graph in Figure 1, the CDW is always the majority of waste produced. To reduce the 
amount of waste going to landfill as well as to provide an explanation on the demand recovery of raw 
materials, a circular economy has been implemented since 1995 (Federal Ministry for the 
Environment, Nature Conservation and Nuclear Safety 2018). The Circular Economy Act is a directive 
for the fundamentals and principles of the circular economy. The act aims to prevent production of 
waste through the reduction of its volume and pollutant content through prevention (taking 
measures before the product turns into a waste), reuse (components are being used again for the 
same purpose), recycling, recovery (the waste from the plant serves a useful purpose), and disposal 
of CDW (Deloitte 2018) (Federal Ministry for the Environment, Nature Conservation and Nuclear 
Safety 2018). In 2012, the report shows a recovery of non-hazardous mineral from CDW which has 
reached 68% of the materials being recycled and 28% used for backfilling, leaving only 4% of the total 
waste going to landfill (Deloitte 2018). 
In China, with the population growth and urbanisation of the country (Duan and Li 2016), 35 million 
tonnes of CDW was produced in 201.  Only 16% of CDW were being recycled, and the remaining 
went to landfill. Among the six landfills, each of them can only accept a total of 10 million tonnes of 
CDW. Therefore, approximately 20 million tonnes of CDW (more than half) were sent to an 
unlicensed landfill or being illegally dumped (Duan and Li 2016). The factors of the issue are the lack 
and unenforceable regulations of the CDW management in provinces, as well as main cities such as 
Beijing and Shanghai (Duan and Li 2016). Another issue is the contaminated waste with harmful 
substances such as heavy metals, asbestos, and other persistent organic pollutants (Brominated 
Flame Retardants), rending the CDW non-usable because of its dangerous nature to human’s health 
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(Duan and Li 2016). The flow and management of CDW, classification of products, and management 
for separation of waste are essential to prevent the contamination of the environment and preserve 
flora and fauna of China (Duan and Li 2016). 
 
2.2. C&D in Reunion Island and France 
 
In Reunion Island, the model to measure and process C&D waste has a different process. The main 
difference between both models is the regulations that dictate what needs to be done with the 
waste to discard it.  
The producer of the waste is responsible for the waste produced. The responsibility does not stop 
when the waste are disposed in a treatment centre, but until it is completely processed (Agence de 
l’Environnement et de la Maîtrise de l’Energie 2018). In order to determine where the waste came 
from, a process of traceability was implemented to understand the source of the waste, the 
producer, and its destination (Agence de l’Environnement et de la Maîtrise de l’Energie 2004).  
The disposal of C&D waste can be conducted in different ways. For an ordinary citizen, their C&D 
waste can be discarded for free in a 10L container. When the container is full, it will be weight and 
sent to the treatment centre where all the different waste will be treated. Companies that are paid 
to produce and dispose the C&D waste could not dispose in those containers. Instead, they will have 
to send the waste directly to a treatment centre (Sud Traitement Services 2016). Before sending to 
the treatment centre, the company must verify what type of waste are acceptable and seek an 
alternative if the waste could not be accepted and treated. From the visit to Sud Traitement Services, 
the treatment centre provides a company with documents that shows what waste can be treated in 
the centre. A voucher for traceability is supplied to the trucks moving from the site to the centre for 
disposal.  (Agence de l’Environnement et de la Maîtrise de l’Energie 2004).  
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In France, every waste collected in any area must be weight before disposal according to the decree 
N°2001-387 (Legifrance 2001). Landfill, recycling centre, and C&D recycling centre will have to go 
through the same process (Legifrance 2001). Sud Traitement Service (STS) is a C&D treatment centre 
which only accepts waste from C&D site (Sud Traitement Services 2016). Once the waste enters the 
site, the truck is weighed at the entrance. At the exit, the subtraction of the weight coming in minus 
the weight of the truck leaving is equivalent to the mass of the waste transported. At the main gate, 
the driver of the truck must provide a paper stating what materials will be sent to the treatment 
centre and its origin. If the waste transported were well sorted, the truck will drop the waste to a 
specific location for further treatment. If the waste is mixed (mixed of wooded, metal and granite 
waste), it will be dropped at a platform to sort out the various materials before recycling. The type of 
waste STS received are: 
• Clean rocks and soils; 
• Concrete (mixed with metal and other elements); 
• Wood; 
• DIB (Trivial industrial waste): plaster and waste from plaster; 
• Metal junk; 
• D3E: waste from electrical equipment; 
• Glass; 
• Bitumen waste. 





• Soil material; 
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• Others (Vegetal soil and grinded wood). 
Both Perth and Reunion Island faced the same issue with the accumulation of those products. 
Despite the treatment of the materials which can replace virgin material, the constructors will 
favor brand new elements due to the stigma with demolition waste considered as dirty and the 
price of virgin materials being low. 
One method to change the vision of the waste is to transform it into a ready to be-used element. 
STS does not only recycle the waste from the works of C&D, but it also cooperates with 
companies to produce new products. The latest product in development is the creation of 
concrete material using a micropower product created from glass. The final product aims to 
create a concrete block which can be stronger than the current concentre block, while remaining 
at the same price or reduce the amount (Sud Traitement Services 2016).  
Despite the company trying to utilise its waste to create new materials, the main issue comes 
from the selling point of view. Materials such as woods from vegetation and wooden pallet were 
sold to only one company which uses organic matter such as wood to produce energy. 
Unfortunately, for materials commonly found such as plastic, there are currently no companies 
that can re-use them to create a new product. Materials which could not be treated are 
considered as “ultimate waste” and sent to landfill.  
The price for depositing waste depends on the material. With well-sorted resources, the price 
will be lower compared to a truck with non-sorted waste. This method encourages the 
demolition company to sort their waste before bring them to the recycling centre. 
The government laws are the main factor for companies to send their waste to the treatment 
centre. The environmental regulations in France and Reunion Island became stricter following 
the Kyoto accords (1995 – 2005), aiming to reduce the greenhouse gas with the Grenelle of the 
Environment I and II (Geoplc 2019).  The Grenelle law is the regulation that aims to decrease 
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France’s greenhouse gas production through various plans. In the waste management sector, 
there are three objectives set (Le Grenelle Environnement 2010): 
 
1. Reduction of the source of waste production through shifting the responsibility mainly to the 
producer from the creation until the end of the product life;  
2. Increase the recycling of organic matter;  
3. Decrease the amount of waste going to the incinerator, landfill, and stockpile by 15% until 
2012. 
New reinforced laws developed from the previous laws which aim to enhance the protection the 
environment, such as (Le Grenelle Environnement 2010): 
• Loi Grenelles 2 Article 194-I-1°A: Strengthening the consensus between companies for the 
planning of waste collection and the objectives of the Grenelle law; 
• Loi Grenelles 2 Article 194 and 207: Limitation of the incineration and amount of waste sent 
to landfill at 60% of the total deposit of waste on a department plan; 
• Loi Grenelle 1 Article 46 - Loi de Finances 2009 article 29: Tax increased on polluting 
activities; 
• Loi Grenelle 2 article 189: Obligation for local government with harbour access to establish a 
plan for reception and treatment of waste produced by boats; 
• Loi Grenelle 2 article 204-I: Promotion of recycling and valorisation of organic matter from 
waste; 
• Loi Grenelle 1 article 46 - Loi Grenelle 2 article 190: Obligation before the demolition to plan 
a waste management plan. 
• Following the changes in the laws and the integration of new rules, the companies have to be 
able to adapt to the new regulations. Based on the interview with Eric Rollin, the owner of 
STS, in order to give time for the companies to change their waste disposal method, the law 
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was announced three years before it started being active. During this time frame, the 
company can research where old or new facilities exist for C&D waste recycling, and it allows 
new companies such as STS to be developed with the new demand for waste treatment.  
• Illegal dumping is still a recurring issue in Reunion Island. In 2019, 60 new illegal dumped 
waste were identified (Imaz Press Réunion 2019). Those waste are primary waste which 
comes from with depot of electronic and household waste. Illegal dumping from C&D waste 
is also a problem for Councils. Cleaning dumped waste can cost up to 2 to 3 million euros per 
year for a Council (Agence de l’Environnement et de la Maîtrise de l’Energie 2004). Since 
2019, Councils created a brigade to control and supervise the roads. The environmental 
brigade’s role is the patrolling of road and sites to prevent illegal dumping (CIVIS 2019). 
Patrols also have the power to give fines for the person at fault. The penalties can vary 
according to the severity of the crime with 450€ to 1500€ for illegal dumping of waste 
(Cetanou 2019). 
2.3. C&D in Australia 
Australia is a first world country, has a growing population with immigrants and economic 
development rising (Parliament of Australia 2010). The population growth leads to an increase in 
C&W activities. From 2008 to 2009, the amount of waste reached 19 million tonnes in Australia. On 
average, the amount of CDW being recovered or recycled is 55%, with the highest amount of 
recovery rate being 75% (Department of sustainability, Environment, Water, Population and 
Communities 2011). There are various factors that prevent Australia from achieving a recycling rate 
close to Europe. The barrier includes: 
• Data Quality: Traceability is an issue. When the source of waste was not defined, CDW was 
treated as a Commercial and Industrial waste, which leads to incorrect quantification of flux. 
Inaccurate data recording of weighbridge in Sydney leads to a misunderstanding, where it 
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was believed all the concentre was reprocessed, but the data shows the opposite 
(Department of sustainability, Environment, Water, Population and Communities 2011). 
• Asbestos: Contamination of CDW is an issue mainly in New South Wales and its recovery. In a 
project, 600 tonnes of CDW were supplied at a total cost of AUD12,000$. Further, asbestos 
with a total weight of below 1kg was found and compromised the resources. The cleaning 
involves a cost of over AUD150,000$. This issue can repulse construction companies from 
reusing CDW (Department of sustainability, Environment, Water, Population and 
Communities 2011). 
• Unlicensed companies: Some companies avoid being licensed because of the low volume 
they can accept and process. However, it is known that they still allow a more signficant 
amount of waste for stockpiling and reprocessing, which are above the threshold, while still 
avoiding environmental compliance (Department of sustainability, Environment, Water, 
Population and Communities 2011). 
• Over specification of materials: The demand for too clean C&D materials is slowing down 
the uptake of CDW (Department of sustainability, Environment, Water, Population and 
Communities 2011). 
• Opinion shopping: When testing from a third party has a bad review, some companies can 
hire more companies for various testing and only display the results with good findings 
(Department of sustainability, Environment, Water, Population and Communities 2011).  
• Once a Waste, Always a waste: This issue with mentalities impacts resource recovery and re-
use, where companies prefer to purchase new raw material, which is still not as costly 
compared to recycled CDW (Department of sustainability, Environment, Water, Population 
and Communities 2011). 
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2.4. C&D in Perth, Western Australia 
Western Australia faces a similar issue, where an average residential housing will produce 
approximately 14.3 tonnes of waste, with most of the waste going to landfill (Felmingham 2015).  
Perth’s waste from C&D are commonly mixed on C&D site. Those mix load generally contains not 
only inert waste such as rubbles, concretes, and bricks but also green waste and biodegradable 
waste, such as timber and package waste (Department of Environment 2006). Due to the 
randomness of the waste, it is difficult to determine the composition of the waste, even with the 
use of weighbridge. An additional issue with mix load is the additional cost and time involved to 
separate the waste with re-using and recycling purposes (Department of Environment 2006). The 
extra time and cost required to separate the mix-load into re-usable material made the cost of 
recycled waste and raw material very close (Department of Environment 2006). 
Illegal dumping poses an issue that is not only visual, but can also be threatening to the public’s 
health. As there is close to no enforcement of regulations, dumping done out of sight, and the 
high cost of landfill levy, some companies continue this practice (Department of Environment 
2006). 
Due to the sparse data collection and recording conducted in Australia, it is not possible to obtain 
an accurate result as to whether management for waste reduction and minimisation were 
successful (Department of Environment 2006). 
2.5. Environmental Laws in Western Australia 
 
The Department of the Environment and Waste Authority are the main power which decides on 
WA’s environmental policy. Waste Authority was created from the Waste Avoidance and Resource 
recovery act 2007. Its mission consist of (Waste Authority 2020): 
• Draft of waste strategy for the Minister of the Environment; 
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• Provide policy advice to the Minister regarding Waste Avoidance and Resource 
Recovery Act 2007; 
• Coordinate business plant agreed by the Minister. 
The Department of the Environment which was established since 1971 is responsible for the 
regulation related to the environment and the water. The role of the Environmental Protection 
Authority is to (Environmental Protection Authority 2018): 
• Conduct impact assessments; 
• Prepare policies for environmental protection; 
• Prepare guidelines for environmental impact; 
• Provide advice to the Minister for the Environment. 
2.6. Circular economy vs Linear economy 
 
Figure 3: Comparison of Linear and circular economy 
 
A linear economy is the traditional model of take, make, consume, and dispose (Het Groene Brein 
2019). From this model, the product primarily ends up in landfill or incinerator. It is from this model 
why the amount of waste ending in landfill kept increasing over the years. To control and reduce the 
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amount of waste going to landfill, the government introduced the concept of the 3-R, which are (Het 
Groene Brein 2019): 
• Reduce: reducing the usage of raw material; 
• Reuse: using a product again instead of discarding it; 
• Recycle: reusing a discarded material as raw material. 
It was from this idea where the notion of a circular economy came from (Het Groene Brein 2019). It 
aims to reduce the amount of waste generated, increase resource recovery, and recycling while 
reducing the cost of the overall system (Ellen MacArthur Foundation 2019) (Het Groene Brein 2019). 
Unlike the linear economy where disposing of the waste produced is the end of the line (Het Groene 
Brein 2019), a Circular Economy will try to avoid the step of discarding the waste and reuse it as an 
alternative source of the material (Het Groene Brein 2019). Three elements are essential for a 
circular economy (Het Groene Brein 2019): 
• Closed cycles: the material flows describe how the energy flow in an ecosystem. 
Nothing is wasted, the old product can be used to create new items, and only 
toxic residual is eliminated; 
• Renewable energy: the energy must last as long as possible, and the cycle must 
be feed with renewable energy; 
• System thinking: everyone in this cycle is interconnected. The action of a 
member can affect the whole circle; 
Circular Economy can introduce benefit such as economic growth with the decrease of the 
dependence of raw materials (Het Groene Brein 2019). Recycled materials can be as effective as raw 
materials, and can be used to create new items or build new houses (Het Groene Brein 2019). It is 
estimated that if the European Union can transition to a Circular Economy, in 2030, 600€ billion could 
be saved from the creation of primary material cost(Het Groene Brein 2019).  There are also 
beneficial effects for the environment. With the introduction of a Circular Economy, the Netherland 
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was able to reduce its ecological footprint by decreasing its emission of CO2 by 10%, lower the water 
consumption by 20%, and the quantity of imported material by 25% (Het Groene Brein 2019).  
2.7. Universal C&D measurement methods  
2.7.1. Direct measurement 
The first method consists of using statistical data to estimate the weight of the CDW produced. In the 
report, an assumption was made, such as the amount of building waste is 3 million tons. Further, 
assuming half is sand, then 1.5 million tons of waste have been produced (Kartam et al. 2004). 
The second method investigates the activities producing waste, and with a few assumptions to 
determine the amount of waste which can be potentially produced (Kartam et al. 2004). Some of the 
assumptions include: 
• Building type; 
• Government land acquisition and development allocation; 
• Construction materials quantities by type of building; 
• Conventional building by floor number. 
With the data collected, the waste production rate for building are calculated: 
• An average of 1.5ton/m²; 
• 1.45 ton/m² for residential houses; 
• 1.75 ton/m² for industries. 
During construction work, the average rate of waste produced is 45 kg/m² per floor constructed. The 
waste produced over the year is estimated at 1.6 million ton per year, with the rate of waste 
production starting at: 
• Demolition: 300,000 tons; 
• Construction and repair: 600,000 tons; 
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• Construction of new building: 100,000 tons; 
• Concrete manufacture: 300,000 tons. 
Direct measurement can be an effective tool to measure, but it needs several data and assumptions 
to predict the amount of waste that will be produced (Kartam et al. 2004). To apply this to Perth’s 
CDW, the data on the type of materials used for building construction and the materials from 
demolition need to be gathered and used for the assumption in the first method. The second method 
is the division of buildings type into categories (Kartam et al. 2004):  
• Single floor house; 
• Two-floor houses; 
• Buildings; 
• Industrial building. 
With regards to the quantity of materials, the cooperation of the building companies or suppliers are 
required to obtain an average number for quantification for different type of houses. With the data 
on the average waste produced per m² unit for every type of houses and the license of the houses, it 
will be possible to calculate (Kartam et al. 2004).    
Based on the reading from Brendon Loucks with the Sunchief Mill Site project, an estimation of 
volume can be obtained through field measurement, GPS data, and survey topographic. The data for 
measurements are the dimensions of the building, along with the dept of the walls. Due to the 
complex nature of the buildings and its features (beams, roofs, stairs, etc.), some measurements 
were not taken for the final volume estimation. 
The calculation in cubic yard are: 
• Length x width x height x 0.33 / 27 
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2.7.2. Waste indicators 
The research from Miguel Mália on waste indicators aims to determine the amount of CDW 
generated on-site and by waste stream studied (Mália et al. 2013). For the study, six types of building 
are being studied (Mália et al. 2013): 
o New residential construction; 
o New non-residential construction; 
o Residential demolition; 
o Non-residential demolition; 
o Residential refurbishment; 
o Non-residential refurbishment.  
The data collected from these areas are used to create indicators that will help to determine the 
average composition of the materials of the waste (Mália et al. 2013). The results of the study 
showed that the waste produced is mainly based on concrete and ceramic. The construction of 
new residential and non-residential houses, the concrete with reinforced structure, increases the 
total weight of the waste generated measuring from 10.3 to 40.1 kg/m². The demolition of 
residential and non-residential houses range from 492 to 840 kg/m² and 40 to 768 kg/m². 
Indicators can be used as a tool for planning with the purpose of determining the containers’ size 
and planning for CDW management (Mália et al. 2013). 
The use of indicators for C&D stream of waste can be used as a tool for proper management. The 
main issue with the study to be applied to this thesis project is the amount of time required to 
produce accurate indicators. For each of the sectors, in order to determine an indicator, a range 
from 11 to 27 assessments was made, which adds up to 106 assessments in total to produce the 
indicators. The criteria to have an indicator grading from good to fair will require at least 25 




2.7.3. Indirect measurement 
The indirect measurement uses a reference point to be able to measure the volume and waste  
produced and transported off-site.  
This method was used for the following study: In Hong Kong. As the size of Hong Kong island is 
small, thus proper management is required to save space. The result of the research paper was 
to be able to produce a range of materials which can be classified in grade or category, for 
reusing it instead of being sent to landfill (Poon et al. 2004). 
The study above observed two demolition sites. The first site involves four blocks of residential 
buildings ranging from 7 to 19 floors high. The second site involves three blocks of residential 
buildings ranging from 8 to 10 floors high. The quantity, composition of the demolition rate, and 
recovery rate were done through visual observation and truckload records. In Hong Kong, the 
companies are hired for salvaging through the CDW, and the salvagers will pay the contractor to 
be able to keep the materials salvaged (Poon et al. 2004). The estimation of waste generated was 
done according to the calculation of the truckload, leaving the demolition site’ waste either going 
to landfill or public filling area. To calculate the amount of waste generated by the demolition 
site (W), the number of truck (N) is multiplied by the volume of the truck’s container (in the 
paper 10m3). Then W is being divided by the gross floor area of the demolition site to calculate 
the average amount of waste produced per area (GRF / W) (Poon et al. 2004). 
The significance of the study is the analysis of the utilisation of the materials transporting the 
CDW to different areas. Recording the trucks trips are much easier and can be done on-site, or 
the data can be extracted from the landfill receiving only CDW. In Australia, the trucks pay the 
fees according to their size and contents. A truck with the separated waste will pay a lower price 
compared to a truck with mixed of waste (sand, steel, plastic, timber, aluminium, coppers, wires, 
etc.). The first drawback of the study is the inaccuracy measurement of the waste weight. The 
waste produced does not have a uniform shape, and the disposal in the truck’s container will 
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have some void parts filled with air and gap, which are measured as a part of the total volume of 
the waste. The second drawback is that the calculation does not know if the truck will be 
discharging its content in landfill or dump it illegally. In order to prevent the missing number of 
trucks, the count can be done at the demolition site. However, the work involved can be 
extensive, and the cooperation of the companies is required to obtain accurate data. 
 
2.7.4. Area-based calculation 
The calculation uses the area uses different steps to calculate each type of waste materials: 
Rbuild (waste generated in a specific year) = Rc (waste generated by new construction activities) + Rr 
(waste generated by renovation activities)+ Rd (waste generated by demolition activity) (Martínez 
Lage et al. 2010). 
The waste generated from each category is calculated by multiplying the total surface area of the 
activity by the quantity of waste generated per unit of the surface area. Most of the data will require 
the building permit. The data necessary for the calculation is the number of building construction in 
the whole area over an adequate amount of years (10 years in the study). The data will establish a 
correlation to determine the number of buildings constructed per year and finding the mean surface 
area of construction (Martínez Lage et al. 2010). 
The quantity of waste generated per unit of surface uses the data from the new construction project. 
With the area known, the volume of waste multiply by the density of construction determines the 
weight of the construction debris (Martínez Lage et al. 2010). 
For the demolition project, the calculation of the weight of all materials must be done. The values 
divided by the building’s total surface area will determine the weight of the demolition debris per 
unit of surface area after demolition (Martínez Lage et al. 2010). 
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Renovation quantification uses the calculation from demolition and construction activities since it 
involves the destruction of the old materials and the construction of the new part for replacement 
(Martínez Lage et al. 2010). 
The use of this study requires data from the previous years to determine a prediction on the 
construction and demolition waste flux. The data from the outcome obtained can be used to 
estimate the total waste which was rerouted to stockpiles and thrown illegally. Unfortunately, as the 
first drawback, the measurement will not be able to show how much waste has been sent to the 
stockpile, and how much waste was illegally dumped. This method involves a lengthy process to 
compile all the construction, demolition, and renovation activities over a few years to determine an 
average surface area per unit. The second drawback is the measurement of the materials, especially 
during the construction process, where different materials could be used to build houses that vary 
the composition of the house. The third drawback is when the construction or renovation is not 
made by a company, but by a particular person where no license is required, thus will not leave any 
record. This lack of data will affect the estimation of total CDW. 
3. Methodology 
The research is a study on the various methods to calculate the weight of wastes produced from C&D 
waste. One of the measurements is taken from Murray case study data with HSHS demolition 
(Murray 2019). The other set of data requires demolition permits from Perth’s Council. An email was 
being sent to each Council to obtain permission to access the data. 
3.1. Direct measurement 
3.1.1. Material quantification 
Prior to the demolition, a calculation can be done to determine an estimation on the volume of 
waste produced.  
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Many materials can be found on a demolition site. The separation of the materials is vital to 
determine an accurate measurement of their weight. From the data collected, the materials were 
separated into two groups: 
• Stockpile 
• Concrete & brick road base (mixed materials); 
• Concrete & brick aggregate (mixed materials); 
• Concrete road base (concrete material); 
• Concrete aggregate (concrete material); 
• Brick & tiles (brick material); 
• Brick & tile road base (brick material). 
 
From the data sheet, the different stockpiles were separated to their own group to calculate the 
volume and the mass of each material being crushed on-site. 
A stockpile is waste produced from crushed items from the demolition of the building and the items 
in its surroundings.  
• Recycling  
Recycling waste are parts of from the demolition of the building which is separated and collected for 
different purposes, such as: 
• Steel & metals: This category includes aluminium, brass, copper, lead steel, and stainless 
steel. The metal is usually found inside the building’s wall or part of the pipes. 
• Concrete: The walls of the school were mainly made of concrete. This material will primarily 
be crushed and reused. 
➢ Brick: The bricks are also used for the school’s construction. In the future, 
it will be either be reused or crushed. 
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➢ Brick & concrete: Mix materials of brick and concrete, which will be 
crushed and reused for either drainage or road construction. 
➢ Timber: The provenance of timber is mainly from the roof and wooden 
materials such as benches, floor, and chairs (large quantity since the site 
was previously a school). 
➢ Greenwaste: Surround vegetation which had to be removed. It consists of 
trees, shrubs, and weed.  
➢ Materials contaminated from asbestos: All materials contaminated with 
asbestos have to be segregated and discarded due to its dangerous and 
harmful nature. 
➢ Soil: The soil can also be part of the waste gathered during the demolition 
process. It can either be reused or discarded if the particles of asbestos are 
found inside. 
The importance of waste separation is not only for measurement, but also to create clean waste to 
send to the recycling station, where the materials will be reused for a new purpose. The only waste 
which could not be recycled is the waste contaminated with asbestos, as it is a dangerous material 
that has to be safely discarded 
3.1.2. Data analysis 
 
For direct measurement, the data collected to measure CDW are directly acquired on-site. The data 
provided by HSHS are either direct measurement of the weight in tonnes (T) or the volume measured 
by the company. 





Table 1: Conversion table from volume to weight 
Material Conversion m3 to T 
Bricks x1 (multiply by 1) 
Concrete x2.4 (multiply by 2.4) 
Mixed x2 (multiply by 2) 
Bitumen x1.7 (multiply by 1.7) 
 
3.1.3. Limitation 
The limitation of the direct measurement is the time and resources consumed during the 
measurement. With the constant monitoring and the continual movement of the waste by the 
addition or removal of wastes such as the stockpiles, it will be difficult and tedious to monitor every 
C&D sites. 
Direct measurement is an excellent way to collect ground data for C&D measurement. However, with 
the increasing amount of activities in construction, demolition, and renovation, it will not be possible 
to apply the direct measurement to every site. But it will be possible to have an idea of how much 
C&D waste a house/building produces. 




An example of the calculation for direct measurement will be applied to building H of the Hamilton 
Hill school. 
The measurement of H building walls: 
Length 1 = 24m 
Length 2 = 20m 
Depth = 0.4m 
Height = 4.5m 
Volume 1: 24 x 0.4 x 4.5 = 43.2m3 
Volume 2: 20 x 0.4 x 4.5 = 36m3 
Total volume of building H = (43.2 x 2) + (36 x 2) = 86.4 + 72 = 158.4 m3 
 
3.2. Indirect measurement 
This method consists of measuring the waste produced according to the activities on-site. For this 
thesis project, the measurement will be taken according to Chi Sun Poon’s methodology. The goal of 
this measurement is the quantification of C&D waste, but using different points of measurement. 
The application for this measurement will be efficient, mostly for demolition situated in city area 
where the restriction of the space does not allow for on-site sorting and the utilisation of a crusher, 
such as the demolition site for HSHS. 
 
3.2.1. Material quantification 
In Perth, when most of the materials are discarded, most of the landfill will measure and pay a fee 
according to the volume of the truck transporting the waste. Depending on the type of waste, the fee 
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will increase if the waste are not sorted. This also depends on the material brought to the landfill. 
The two main materials are: 
• The trucks: It is the primary method to transport the demolition outside of the site. The 
volume transported can vary from a simple pick-up car to a large truck with various volumes. 
• The bobcat: It is the main machine used for demolishing and digging out the waste to the 
trucks. The equipment attached to the bobcat allows it to perform different tasks such as 
wall destruction, soil and waste digging, and a shovel to gather the waste on the floor. 
For HSHS, with all the waste being crushed and reused, the rate of crushing will allow having an 
overview on how much waste were produced during the demolition process.  
The materials transported by the trucks will be the same cited as above in the direct measurement.  
 
3.2.2. Data collection 
The collection of the data for this part will be on the usage of the truck: 
• How often a truck left the site to deposit the waste; 
• The size of the truck to have an idea of the volume transported; 
• The content of the truck to identify its destination and calculate the weight of 
the waste according to the type of materials. 
By knowing the content and the volume of the truck, the weight of the waste can be estimated using 
the same conversion table. After the identification of each truck, the estimated weight of C&D 





The limitation of this measurement is the waste being recycled and reused directly on-site. By 
reusing the waste directly on-site, it will decrease the number of truck usage. Thus, reducing the total 
amount of waste produced. 
An alternative to calculating the amount of waste produced is the estimation waste, which could be 
potentially produced from different machines. 
3.3. Area Based measurement 
This method will be based on the work of Isabel Martinez Lage(Martínez Lage et al. 2010).  The 
calculation aims to measure the amount of C&D waste produced over a year, along with the 
composition. The calculation has many variations according to the set of data available in the area. 
 
3.3.1. Material quantification 
The main components to perform the calculation are: 
▪ Nature of the building: From a school to a small house, the nature of the building will allow 
the calculation to take account of the type of the house and determine if more waste needs 
to be added. 
▪ Area of the building: The size of the building is the determining factor on how much waste 
are produced. In common cases, the larger is the area; the larger is the quantity of waste 
being produced.  
▪ The year of the demolition permit: The comparison of the estimated waste produced and the 
amount of waste in the annual report. The calculation will determine an approximation of 




3.3.2. Data collection 
The calculation of the waste will have to be based upon the previous thesis work done by Casey 
Felmingham and Chad Harris (Felmingham 2015)(Harris 2017). With the value of the area of each 
building, each of them can have a value of demolition waste produced assigned, which allows the 
calculation of the waste per year. Based on Casey’s thesis work, an average household with double 
brick, comprised of three bedrooms and one bathroom, the average amount of waste produced will 
be 300T. For the demolition of a commercial area, the weight will be 1.5 times higher (450T).  
Table 2: Estimation of waste produced for each category of building 
Building type Demolition waste produced in tonnes (T) 
Average house (3-bedroom, two-bathroom) 300 
Commercial Building 450 
School 14 944.7 
 
3.3.3. Limitation 
To perform this calculation, many assumptions will have to be made, such as the waste produced, 
which might not be as accurate as compared to the other calculations. Other assumptions, such as 
the different types of buildings and houses with lesser bedroom and bathroom will have to be made, 
as there are no measurements for those types of buildings.  
 
3.4. Economy comparison 
This section will compare the price when the materials are sent off-site and carried to two different 
places. The variations in each scenario are:  
• The location 
o Materials going to a landfill; 
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o Materials going to a recycling centre. 
• The purity of the materials. 
o Sorted materials; 
o Unsorted materials; 
• Measurement of the materials 
o Measured in ton; 
o Measured in m3. 
Note: Only the materials sent to the recycling centre will consist of waste, which is either sorted or 
unsorted as in landfill there is no price change for sorted waste. The trucks can only carry 26m3 of 
waste to its destination. The tariff to produce the final cost of the treatment will use the prices from 
Perth’s landfill and recycling centre (measured in m3, price in AUD). 
From those variations, there are four different scenarios which can be created: 
• Scenario 1: All the waste are sent to the landfill; waste are not sorted; 
• Scenario 2: All the waste are sent to the recycling centre; waste are not sorted (price comes 
from Armadale landfill and recycling centre). The total mass will be used to produce a cost 
for the waste disposal. 
• Scenario 3: All the waste are sorted and sent to the recycling centre. The measurement is in 
ton. The price list comes from Armadale landfill and recycling centre using different prices for 
the different materials deposit.  
• Scenario 4: All the waste are sent to the recycling centre and sorted. The measurement is in 
m3, and the final price is in AUD. 
The total volume of waste produced from the demolition site will be calculated from an indirect 
measurement calculation, where the weight of the waste was converted into volume.  
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In the first scenario, the price of the tipping fee is set at AUD220 per ton, based on the Western 
Metropolitan Regional Council.  
In the second scenario, the waste produced is sent to the recycling centre without proper waste 
sorting on-site. 
In the third scenario, the final price to deposit the waste at the recycling centre according to the 
weight will be calculated. The price comes from Armadale landfill and recycling centre. The pricing 
varies according to the weight of the material. 
In the last scenario, the waste will be sent to the Resource Recovery Centre situated in Bayswater. 
The pricing is based on the volume of the waste. Each truck entering the premise will be considered 
as filled.  
  
4. Results 
4.1. Direct Measurement 
The table 3 is the result of the calculation during direct measurement. The volume for each building 
were add up and display in the table 4 where the estimated mass of the wall was calculated as if the 
walls were made of concrete. A comparison was made to display the accuracy of the calculation 
applied for this site. The table 5 compare the volume estimated with the total mass of crushed 
material. 
Table 3: Table of the volume of waste produced by each building’s walls 

















Table 4: Comparison of the wall’s total mass calculated and the total mass of concrete 
measured 














Total 2503.05 6007.32 2501 6052.8 0.75 
 
Table 5: Comparison of the wall’s total mass calculated and the total mass of material 
crushed 















Total 2503.05 6007.32 6041 10864 44% 
 
The calculation from the direct method calculation gives a total volume of 2503.05m3 of C&D waste 
produced. Those elements only include the building’s wall, which is a large part of the weight and 
waste produced during a demolition process. When comparing with the total of walls crushed, there 
is a difference of 0.75% between both measurements. When the direct measurement’s result is 





4.2. Indirect Measurement  
Table 6: Results of calculation using the indirect measurement method 
Material Trips Calculated 
volume (m3) 
Density (T/m3) Total calculated 
mass (T) 
Metal 17 442 1.2 530.4 
Mix Waste 125 3250 0.425 1381.25 
Timber 7 182 0.3 54.6 
Asbestos Material 57- - - - 
Green Waste 2 2002 0.296 592.592 
Bricks 86 2236 1 2236 
Concrete 97 2522 2.4 6052.8 





Total 439 11 960 - 13499.642 
 
Table 7: Total mass of each materials recorded on-site 
Material Total mass (T) 
Metal 398.6 
Mix Waste 2208.5 
Timber 24 
Asbestos Material - 











Table 8: Comparison between calculated and measured mass with the indirect 
measurement 
Material Mass difference (T) Percentage error (%) 
Metal 131.8 33 
Mix Waste -827.25 37.5 




Green Waste 0.6 0.1 
Brick 18 0.81 
Concrete 50.8 0.84 
Mixed (brick 
and concrete) 8 
0.30 
Total - 4.16 
 
This calculation allows to have an estimation of the demolition waste produced exiting the site. 
Based on the comparison from table 8, a small difference between the calculated mass and the real 
mass can be observed. 
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For example, the metal is estimated to have 530.4T of waste produced, whereas the measurement 
with a weighbridge gave a total mass of 398.6T. The difference between both numbers reached over 
131.8T of waste added for the calculated mass. This addition is equal to a percentage error of 33%. 
Unlike the metal, the mix waste mass calculated is lower than the mass measured on-site. With 125 
trips, the estimated mass transported off-site is 1381.25 T. However, the mass produced for the 
waste on-site is 37.5% above reaching a total of 2208.5T. 
Timber waste also has a large difference between calculated and measured waste. With a percentage 
error of 127.5%, the real timber value is at 30.5T compared to 54.6T with the calculated volume.  
The asbestos material could not be calculated, as there are too many mixed items contaminated. 
 The estimated green waste reached a total mass of 592.59T. The measured mass of green waste was 
estimated at 600T. With a difference of 0.6T, its percentage of error is at 0.1% 
The calculated mass for the bricks, concrete, and mixed of both bricks and concrete were calculated 
based on the expected number of trips the truck would have to do if they were not reused on site. 
The difference in mass between the calculated and real mass varies according to the materials. The 
concrete has the largest mass variation, with 0.84% of mass added to the real mass. The bricks and 
mixed of both bricks and concrete have a significantly lower value, with 0.81% and 0.30% of mass 
added to the real mass respectively. 
 
4.3. Area Based Measurement 
Table 9: Estimation of the amount of waste produced in the area of Kalamunda in the 
period of 2018 
Number of houses demolished 
in Kalamunda in 2018 
Total area demolished (m²) Total mass estimated of 
demolition waste (T) 




For this study in Kalamunda area in 2018, the total amount of demolished house is at 37 dwellings 
with a total area of 7515m². The estimated waste produced reached 25 049.3T. According to Chad 
Harris study, an average house is 90m² (three bedrooms and two bathrooms). An average house will 
produce 300T of demolition waste. (Harris 2017) 
 
4.4. Economical comparison 
Table 10: Total price to deposit all the waste at various location 
Scenario 1 2 3 4 
Total Price to 
dispose all the 
waste produced 
(AUD) 
2,968,922 2,361,643 2,204,940 610,444 
Money Saved 
(AUD) 




- 20.45 25.73 79.43 
 
The price comparison for each scenario shows which waste disposal method is the most 
economically beneficial.  
In the first scenario, all the waste being sent to the landfill reached a total close to AUD 3 million 
according to the result in table 10 . This scenario is the least preferable, as it is the most expensive 
and not environmentally friendly to send all the waste with a high potential to be reused. 
In the second scenario, the waste on-site is not separated, but it sends the waste to the recovery 
centre. The price significantly drops from 2.9 million to 2.3 million AUD which is an economy of 
600,000AUD. From an environmental perspective, the waste does not end up in a landfill, but will be 
crushed and transformed into a new material which can be reused for a new purpose. 
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In the third scenario, the final price when all the waste is being sorted will be shown. With the waste 
going to the same recycling centre as the second scenario, the profit gained is 156,703AUD. With 
proper sorting management, the cost to deposit each item is even lower. 
In the fourth scenario, the final price only costs 600,000AUD. In comparison to the third scenario, the 
volume of waste is measured to determine the price. The difference between the third and fourth 
scenario is a cost-saving of 1.6 million AUD.  
The cost-saving potential from the company can be high if the waste is sent to the correct place. By 
taking the landfill’s fee as the base point for discarding the waste, a cost saving of 20.45% can be 
made by sending the waste to the recycling centre. Sorting the waste can create more benefits with a 
cost saving of 25.73%. 
In the last scenario, the waste is sent to an area where the price is highly competitive. However, the 
measurement of the waste is done in AUD/m3. These prices allow for a reduction of 79.43% of the 
landfill price, which represents a cost saving of 2,369,528AUD.  
5. Discussion and Interpretation 
5.1. Direct Measurement 
For direct measurement, the results of the calculation should be the closest value from reality. The 
precision of the calculation would be beneficial to prepare a good management plan for waste 
management on-site.  
The calculation can be a constraint according to the shape and type of the buildings. According to the 
study from Yunfu Gao, this measurement is the most constraining and time-consuming method.  
The advantage of this method is that it can prepare a good waste management planning. This 
method is mostly useful for a demolition company which requires the area of the dwelling to 
estimate the price for demolition. A good management planning is an efficient tool for source 
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separation and recycles waste. For example, with a 90m² house, knowing the exact amount of 
concrete allows to prepare the exact type and number of bin needed, the amount of time it will take 
to fill it up, and how often it will have to be emptied.  
However, the results of the calculation were far from the volume of C&D waste which went to the 
crusher. The main reason as to why the actual number was higher, was due to the amount of 
estimation which had to be made for the calculation. Moreover, some of the materials sent to the 
crusher were road-based materials which were not accounted for in the calculation. Pillars were 
present in the premise but not drawn on the map for measurement. Due to the fact where the 
building was already demolished, the estimation was based on the length, width, depth of the wall, 
and height of the wall. The scale of the picture taken from the HSHS plan was estimated according to 
the length of a car park on the side of building H.  
In France, having a waste management planning is important, especially for the demolition site with 
limited space or in busy cities. Indeed, small demolition site has less space to have multiple types of 
bins or recycling area, that is why a daily organisation is necessary. An example of a good 
organisation is to quantify the amount of waste which will be produced and to organise the number 
of bins needed for the type of waste produced on a specific day. Over the first week of a demolition 
job, the soft demolition strip of a building will remove items such as fixture, internal wall, internal 
ceiling and other structures.   
   
5.2. Indirect Measurement 
The indirect measurement uses another medium to estimate the total mass of each truck. From the 
result of the data, there is a small gap between the measurement with a weighbridge and the 
indirect measurement method.  
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Metal and timber are two materials which receive a major increase in their calculated mass. With a 
33% rise of the metal mass and 127.5% rise of the timber mass, 131T of metal were added to the 
total and 30.6T were added for the timber. The main reason for the additional mass is the disposition 
and shape of the materials in the truck. When the waste is thrown in a truck, its disposition will be 
disorganised and due to the various shape, some empty space will form in between the waste. 
Metallic material being rigid will not occupy all the empty space in the truck. During the calculation 
for the indirect measurement, those empty spaces were not considered. This is the reason for the 
increase of the total mass for the metal and timber. 
The materials such as bricks and concrete are crushed before being reused. The round shape of the 
material allows the pile in the truck to have lesser empty space. Based on the results, the weight 
difference has only 18T added for the bricks and 50.8T for the concrete. The percentage error for 
both materials are 0.81% and 0.84% respectively. The mixed of brick and asphalt have 0.30% of 
percentage error, which is 8T added from the real mass. The HSHS case could transport crushed 
materials with the access of a crusher on-site. For another company, space and regulation will not 
allow to have a crusher on site. With the data of a demolition site without crusher, the exact volume 
of the waste will vary with of all the demolished materials being less uniform. 
The mixed waste composition will be the hardest part to get an accurate measurement. Due to its 
various composition, the amount of empty space for each volume will be higher. The calculated mass 
displays a lower total mass. One reason is the density used to convert the volume to the mass of the 
mixed waste is not appropriate. The composition of the mixed waste was probably more substantial 
than the average composition of mixed waste, which explains why the calculated mass of the waste 





5.3. Area Based Measurement 
The calculation for the area-based measurement required many sets of data. The construction and 
demolition permit had to be collected from all the councils in Perth. Based on emails sent out to 130 
councils, only one council agreed to share data on the area and the description of demolition’s 
activity. The other councils either refused to share those data due to security purpose or they only 
agreed to share the number of permits distributed per year.  
A possible solution to create an accurate assumption is to visit each council’s neighbourhood and 
observe the shape of the houses in the area. Buildings are mostly present in the centre of Perth city. 
In the suburbs further from the city, the nature of the houses is mostly one-floor house.  
The data obtained was from the council of Kalamunda. Through the observation of houses in the 
area, it is assumed that all the houses demolished were 1-floor house. By using the assumption that a 
90m² house produces 300T of demolition waste, an adjustment was made as a lower area produces 
less waste and a larger area produces more waste. With the description of each demolition, further 
assumption could be made on the nature of the structure being demolished. For example, the 
destruction of a carport with a patio measuring 83m² will not produce the same amount of waste as 
an 83m² house. 
5.4. Economical Comparison 
Referring to the tables 10 , it is noticeable that the option to send to landfill will be the least 
economically and environmentally friendly. The high price of the landfill deposit comes from the past 
government imposing a levy in order to encourage companies to send their waste to the recycling 
centre. With the same scenario of the trucks going to a recycling centre instead of a landfill. A truck 
with an unsorted waste will pay far less at the recycling centre. A cost-saving up to 600,000AUD can 
be made by sending the waste to a recycling centre. In addition, source separation allows for further 
cost saving for the company with a total decrease of 25.73% of the landfill price. Source separation 
requires a proper waste management preparation in order to separate the waste on-site without the 
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need for a large space. In Perth, the company (Resource Recovery Solutions) has the best prices for 
waste disposal. The prices vary from 10AUD/m3 for sand deposit up to 60AUD/m3 for unsorted and 
contaminated waste. The price at Armadale landfill and recycling centre to deposit bricks cost 
95AUD/T, whereas at the Resource Recovery, the bricks cost 35AUD/m3.  
  
5.5. Comparison Between Reunion Island and Perth Model 
 
Table 11: Comparison between C&D management in Reunion Island and Perth 
Current problem Reunion Island Perth 
Traceability: Where does the 
waste come from? 
For every truck leaving a C&D 
site, a paper is given to the 
driver with the indication of 
where the waste comes from, 
the nature of the waste and its 
destination 
Traceability is available for 
only hazardous waste 
Illegal dumping Environmental brigade created 
to inspect at random time the 
activities of waste collecting 
trucks 
Report to the council (or call 
1300 784 782) or report to the 
local council 
Stockpiles STS is starting to develop a 
micro-powder from recycled 
glasses and use it to create an 
enhanced brick with his 
material on-site 
Collaboration between 
companies, such as Albioma to 





Waste measurement For every site, the 
measurement of the waste 
weight is an obligation. 
Some recycling centre have no 
weighbridge. The 
measurement of waste 
incoming is done according to 
the truck volume to determine 
the final mass 
Waste disposal – non-company A 10m3 bin is at the disposal 
for everyone who wishes to 
dispose they demolition waste 
at no cost. Periodically the bin 
is sent to a recycling centre for 
further treatment. 
Fremantle created a recycling 
area where people living in the 
area can dispose of their clean 
recycle waste. Material such as 
bricks can be discarded and 
pick up for free. 
Volume measurement In France, a table named 
“coefficient de foisonnement” 
was created for construction 
and demolition waste. Those 
coefficients are value which 
will calculate the expansion of 
a material’s volume during 




The table 11 is a comparison on how some of the major problem in both countries are addressed. In 
Perth, traceability only applies to waste with hazardous waste with a tracking system to follow the 
movement of the vehicle (Pickin et al. 2018). In Reunion Island, the client and the project owner both 
have a responsibility to implement a traceability for waste management to certified centre (CERBTP 
2012). In Circular Economy, traceability is important to understand the source and the quality of the 
material received in recycle centre (Chemsec 2018). The improvement of the quality of the material 
can change mindset and make recycling material more attractable to consumer (Chemsec 2018).  A 
part is the Circular economy relies on the reuse of recycle materials, by enhancing the image of the 
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recycled material, companies will be more willing to use recycled material instead of raw material 
(Chemsec 2018). 
Illegal dumping is still a major problem for both country. Early 2019, Reunion Island’s Councils 
created a brigade for the Environment which aim to prevent and reduction the amount of waste 
being illegally dumped with random patrol on the road and in area where waste are dumped 
(Cetanou 2019). The member of the brigade have power to distribute fine going up to 1500€. In 
Perth, the only way to report an illegal dump is via online mail or direct call to local Council. One 
major difference between Perth and Reunion Island to implement a brigade will be the size of the 
zone. Australia having a larger area to cover, it might be a more difficult task for a brigade to patrol at 
every dumping places. 
The accumulation of recycled waste via stockpile is an issue for both places. STS is trying to use the 
waste send to the recycling centre to create new product. Using a micro-powder from glass waste 
allowed STS to produce a new concrete brick (Sud Traitement Services 2016). 







Picture 2: Alternative visual of the concrete brick made of glass' micro-powder 
 
  
With all the recycle material present at the recycling centre, there is a potential to work with 
companies which can use those material to transform them into new product. The main barrier for 
new companies to be created are the laws which can take up to 12 months to obtains an approval or 
a licence (Solutions 2011). 
The most accurate measurement of waste remains the utilisation of weighbridge. In Reunion Island, 
the measurement of waste according to decree N°2001-387 impose the use of weighbridge to 
calculate the cost of the tipping fee (Legifrance 2001). In Western Australia, not all recycling centre 
have a weighbridge. Some places such as the Resource Recovery Solution calculate the cost of the 
waste according to the volume incoming on-site. The measurement with the volume can’t be as 
accurate as a weighbridge. The irregularity of the shape of rubble create empty space in the truck 
and the measurement of volume with truckload count those empty space as waste. One method to 
take account to the empty space is called in France “coefficient de foisonnement”. The calculation 
estimate the additional volume of a material after excavation or destruction (M Habitat 2020). 
Materials which have a coefficient of expansion are: 
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Table 12: Coefficient of expansion in France 
Materials Coefficient of expansion 
Vegetal soil 1.42 
Rubbles 1.67 
Cement 3 




Dry Soil 1.25 
Broken granit  1.64 
Coated (path)  1.09 
Brick made of rock  1.6 
  
Assuming the C&D waste in Reunion Island and Western Australia are different, new calculation will 
have to be made to create an coefficient of expansion table for WA. 
Some of the illegal dumped items comes from civilian. In Reunion Island, a large part of the waste 
found in the environment are household waste, electronic waste and C&D waste. To solve this issue, 
a free bin measuring 10m3 will be install for waste disposal. This waste can range from household 
waste to C&D waste. The bin will be periodically emptied to a recycling centre for waste sorting. 
Fremantle have a area where recycle and demolition waste can be discarded. This area is only 
available for resident living in the area of Fremantle. Some material for construction such as bricks 
can be pick up by any resident who need it.  
 
5.6. Limitation 
5.6.1. Direct Measurement 
The main limitation for this calculation was the building already being destroyed during the first visit. 
All the walls were already destroyed and crushed into stockpiles. All estimations were done through 
a map of the whole building before its demolition. To get an accurate calculation for this method, the 
measurement will have to be done prior to the demolition, and more than one study case will have 




5.6.2. Indirect measurement  
As it was stated in the paragraph for direct measurement, when the site was visited, it was nearly at 
the end of the demolition process. The materials such as the bricks, concrete and vegetation were 
reused directly on-site to prepare the construction of a new building. The calculation for the truck 
was done according to the information given by Landcorp. To have an accurate data, it will be better 
to have a company which will not be re-using the waste on-site, but exporting it to landfill or 
recycling centre. More sites need to be assessed using this calculation to have an accurate estimation 
of the precision of this method. 
5.6.3. Area-based measurement 
The main barrier of this method is it does rely heavily on already existing data. Because Councils 
could not provide demolition permits, this method was the least successful.  
6. Conclusion and recommendations 
“Understand how C&D waste produced is being handled on-site.” 
The HSHS demolition was a case unlike other demolition cases.  With the access of crushers and 
various equipment for source separation, most of the demolition waste were reused or sent to 
recovery centre. From Murray’s thesis, using the best management practice allowed to save 
AUD252,000$ (Murray 2019).  
“Using the tools to determine the mass of each material.” 
With the data provided from Landcorp, the calculation to determine the weight would be made for 
this thesis project. The comparison from the calculated result and measured result were made to 
verify the accuracy of each calculation. Unfortunately, the calculation for the area-based 
measurement could not be done due to the lack of data. 
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“Comparing the efficiency of each methods.” 
Further testing needs to be done in this area as all the calculations were done according to a 
datasheet provided, and not data recorded on site. Wall’s measurement for the first method should 
be done on-site with a proper meter instead of using a map provided. The estimation of the final 
mass seems to be the most accurate method. However, the volume calculated from the number of 
trucks were done according to the volume present on-site. In France, a coefficient for expansion of 
material was created to measure the volume of extracted material. A table with coefficient for 
Western Australia’s waste could be made if the volumetric measurement continues to be the primary 
source of data. 
 
“Comparison of the economic outcome of source separation“ 
With landfill taxes, sending waste to landfill is the least economically viable. By sending the waste to 
a recovery centre, a cost saving up to 80% can be made compared to the landfill price. However, 
sending waste to recycling centre in Armadale with a weighbridge costs more than the Resource 
Recovery Solution measuring in cubic metre. This difference in price will encourage waste disposal to 




• Implementation of a traceability system 
• Regulation to establish facilities and obtained licence need to be easier and take less 
time for approval 
• If volumetric measurement continues, implementation of a table for coefficient of 
expansion for C&D waste. 
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 Table 13Volume of Material Crushed on-site 
MATERIAL   VOLUME   
    M3 T 
BRICK   2 218 2 218 
CONCRETE   2 501 6 002 
MIXED   1 322 2 644 
BITUMEN   0 0 
    
TOTALS   6 041 10 864 
 
Table 14: Summary of all Recycled items collected on-site 
Individual waste 
Final Mass  
(t) 
    






Stainless Steel 0,9 
C&D non-inert 24,3 
Total general waste 2208,5 
Mixed rubbish* 2168,1 
General work 14,0 
Not specified 14,0 
Anticon*** 12,0 
Tyres**** 0,4 
Total timber 24,0 
Theatre flooring, gym floor 6,0 
Building G, Roofing, timbers 18,0 
Vegetation which can't be mulched 0,0 




Total Asbestos concrete 705,8 
Gutters 449,0 
Canteen roof 57,7 
Building B 199,2 







Table 15: Calculation of the volume of the Wall according to a map 
 
Table 16: Corridor's Wall volume measurement 
Extra 








  1,1 13,42 53,67 
  1,8 21,96 43,91 
  1,7 20,74 41,47 
  1,6 19,52 39,03 
  1,7 20,74 41,47 
 
Table 17: Volumetric to mass calculation with indirect measurement 
Material 
Volume 











3250 0,425 1381,25 
Timber 180 7 182 0,3 54,6 
Asbestos 
Material 
  0 




2002 0,3 600,6 
Brick 2218 86 2236 1 2236 






1326 2 2652 
Bitumen     0   0 
Total     11960   13507,65 
      
 
 
Building A B C D E F G H I J 
Map measure 
1 (cm) 0,8 0,8 7,5 1,7 5,5 6,5 7,5 1,8 4,7 1 
Map measure 
2 (cm) 0,9 2,8 0,8 1,5 0,8 0,8 0,9 1,7 1,7 0,4 
Length 1 (m) 9,76 9,76 91,49 20,74 67,09 79,29 91,49 21,96 57,33 12,20 
Length 2 (m) 10,98 34,15 9,76 18,30 9,76 9,76 10,98 20,74 20,74 4,88 
Volume 74,65 158,09 364,48 140,52 259,09 320,57 368,87 153,70 281,05 61,48 
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Demolition of house, granny flat, carport and clearing of building envelopes. 170 
Full demolition of single storey dwelling 180 
FULL SITE DEMOLITION 120 
Demolition of residence and pool   
Demolition of carport and patio 90 
Demolition of steel outbuilding (shed) & concrete slab   
DEMOLITION of Residence and Other Structures 180 
Demolition of  2 sheds, asbestos and brick construction 70 
DEMOLITION - SINGLE STOREY RESIDENCE 131 
Demolition of Residence and associated outbuildings 540 
Demolition - pool and shed 80 
Demolition permit -  deconstrution of exisiting house (walls & roof) 279 
Demolition of residence and outbuildings 160 
Demolition of residence 150 
COMPLETE DEMOLITION FOR DEVELOPMENT   
Demo garage (Remedial work BP20180628) 23 
Demolition of 171m Channel 9 Transmission Tower   
Demolition as specified in the site plan, nominated internal walls and roof 120 
Full Site Demolition of Dwelling, Swimming Pool and all Outbuildings 185 
Removal of sales office (demolition) 62 
Demolition of Residence 126 
Demolition of Shed & Carport   
Demolition of residence and shed 150 
Removal of garage, shed and pool and eaves modification 80 
DEMOLITION OF HOUSE and SHEDS 105 
Full Demolition and specified removal of vegetation   
FULL DEMOLITION OF BRICK AND CLAY TILE DWELLING, SHED,  CONCRETE 180 
DEMOLITION of all structures 150 
Demolition of house 120 
Full demolition 300 
Demolition of Shed at rear of Toy Library & Dome   
Demolition of swimming pool   
Demolition - Full Site Clearance 258 
Full DEMOLITION FOR 2 HARRISON ROAD FORRESTFIELD   
Demo Residence, Patio carport and garage   
Demolition of House   
Demolish rear add on, remove 3 x walls (patio, ceilings, passage) and carport as per 
addendum "A" 220 
Demolition of existing single storey brick and tile house 1057 
Demolition of existing concrete tilt panel and iron industrial building 0 
CLEARANCE OF HOUSE ONLY (Vegetation to be retained)   
Demolition of structures and associated infrastructure 250 
Demolition residence, structures and associated infrastructure 275 
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Demolition of structures (excluding vegetation) 335 
Demolitionof all structures (excluding vegetation) 390 
Demo residence 270 
Demo of residence and all structures on property 250 
Demo of residence 220 
Note: Details such as address was removed 





AUD/T Price (AUD) 
Metal 398,6 220 87692 
Mix 
Waste 2208,5 220 485870 
Timber 24 220 5280 
Asbestos 
Material 1424,5 220 313390 
Green 
Waste 0 220 0 
Brick 2218 220 487960 




concrete) 2644 220 581680 
Bitumen     0 
Total 14919,6 220 3282312 
 























Brick 2218 175 388150 







Bitumen -     
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Total 14919,6   2610930 
 






















    
Brick 2218 95 210710 







Bitumen -     
Total 14919,6   2204939,5 
 

























Bricks 86 2210 35 77350 












Picture 3:Map of HSHS project used to measure the wall's length 
 
